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The Mossbauer effect in the 100-keV 2+ ~ 0+ transition in W182 was observed with dilute t~ngsten in
iron alloy absorbers with concentrations from 0.5-5.0 at.%W at 4.2°K. From the Zeeman spectra In external
longitudinal magnetic fields, the g factor of the first excited 2+ state was found to be O.~2±0.O~, and
the hyperfine field at tungsten nuclei in iron was found to be -708±25 kOe. The hyperfine Interaction for
Fe57 in these alloys was also measured, and the results are compared with measurements on alloys of Fe
with other 5d impurities and with neutron diffraction measurements.

I. INTRODUCTION
HE large magnetic fields in.duced at t~e nuclei ?f
magnetic and nonmagnetIc ato~s dIss.olved. In
ferromagnetic metals have been the subject of Int~nslve
experimental investigations by a variety of technIques.
The result has been a growing systematics of such
hyperfine fields as well as some insight into their origin.
With this understanding has come an increased use for
these fields for the measurement of the magnetic hyper
fine interactions of short-lived excited nuclear states
as well as for the polarization of long-lived nuclear
states.
The experimental methods for measuring hyperfi~e
fields in metals and alloys include nuclear magnetIC
resonance (NMR), heat capacity measurements, Moss
bauer spectroscopy, nuclear polarization measurements
at very low temperatures, and perturbed angular corre
lation measurements. In every case, one measures an
interaction energy E= -!l·B so that a separate exper.i
ment is required to provide the value of the magnetIC
moment in order to determine the hyperfine field. As we
show experimentally below, this second experiment can
as well be the measurement of the hyperfine interaction
energy as a function of an externally applied ma?netic
field. Such an experiment allows both the magnetIC mo
ment and the magnitude of the hyperfine field to be
measured and, in addition, yields a measurement of the
sign of the hyperfine field (relative to the external field
and, hence, to the magnetic moment of the host metal
or alloy).
One of the motivations for measuring the hyperfine
magnetic field Hw(Fe) on tungsten imI?urities in iron
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was to resolve the discrepancy in values obtained by
NMR and Mossbauer techniques and by perturbed
angular correlation following Coulomb excitation. The
latter 1 called the "impact technique," utilizes the
Coul;mb excitation to recoil-implant the W nuclei into
the Fe host. Such measurements thus follow the dis
ruptive entrance of the excited nucleus into ~~e backing
foil and it is not clear that the local condItIon of the
lat~ice is comparable to the static conditions as in the
other experiments. In fact, recent measurements 2 ,3 by
the impact technique of the hyperfine interaction of the
100 keY, 2+ state of W 182 in Fe are in sharp disagree
.
ment with measurements of the same hyperfine Interaction by Mossbauer effect techniques. 4 ,5 The present
work extends and confirms the Mossbauer results by
observing the hyperfine splitting of the 100-keV
2+ =::} 0+ transition in W182 in W-Fe alloy absorbers
polarized by longitudinal external magnetic fields up to
128 kOe. 5
In addition, we studied the concentration dependence
of the W hyperfine interaction in order to test whether
concentration effects are the source of the discrepancy
between the impact-technique measurements and the
Mossbauer and NMR (static) measurements.
We also studied the Fe 57 hyperfine interaction
HFe(WFe) in the WFe alloys to see if the effects of the
W impurity could be correlated with other measured
properties, such as neutron diffraction, and with ob1 D. Murnik, in Hyperfine Interactions, edited by A. J. Freeman
and R. B. Frankel (Academic Press Inc., New Yor~, 1967), p. 637.
2 P. Gilad, G. Goldring, R. Herber, and R. Kalish, Phys. Rev.
151 281 (1966); Nucl. Phys. A91, 85 (1967).
3 F. Boehm, G. B. Hagemann, and A. Winther, Phys. Letters
21, 217 (1966).
4 D. Agresti, E. Kankeleit, and B. Persson, Phys. Rev. 155, 1342
(1967).
.
6 R. B. Frankel, Y. Chow, L. Grodzlns, and J. Wulff, Bull. Am.
Phys. Soc. 12, 378 (1967).
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filled in the case of Fe 57 in iron 6 and is probably a valid
assumption for W in iron. The sign of the slope is de
termined by the signs of H hf and g2+; since g2+ is posi
tive (the 2+ state is a member of a well-defined rota
tional band), the measured sign of the slope immediately
gives the sign of H hf.
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FIG. 1. Velocity spectrum of the 100-keV transition in W 182 for
an absorber of 0.5 at. % W in iron at 4.2°K and zero external field.
The solid line is theoretical, assuming a pure magnetic interaction.

served effects of other impurities, such as Re, Os, Ir, etc.,
in iron.
II. EXPERIMENTAL
A. Method
A pure magnetic hyperfine interaction
H= -gJ.LNI·H

(1)

splits an E2 2+ ~ 0+ nuclear transition into five equally
spaced and equally intense lines which may be observed
using a single line source; the spacing between lines ~ is
given by
(2)

where g2+ is the g factor of the 2+ first excited state,
J1.N is the nuclear Bohr magneton, and H hf is the mag
netic field at the nucleus. If the absorber is polarized by
a longitudinal external field, only the ~m= ± 1 lines are
observed, and the spectrum consists of two equally in
tense lines with separation 2~. (For a transverse field
configuration, the L\m == ± 1 and ± 2 lines are observed;
the spectrum consists of four equally intense lines with
separations ~, 2~, and ~.) In an external field, the ob
served splitting il' is given by
il' = 2g2+J1.NH n

,

(3)

where
Hn=Hhf±(Ho-HDM) ,

(4)

where H hf is the field at the nucleus due to hyperfine
interactions in the alloy, H 0 is the externally applied
field, and H DM is the demagnetizing field in the absorber.
The sign is (+) or ( -) since H hf is positive or negative,
i.e., parallel or antiparallel to the magnetization direc
tion and hence to H o. The Lorentz field is included in
H hf because it is present in the domains even if the
domain orientation is random.
The magnitude of g2+ is obtained from the variation
of~' withH o
d~!/dHo=±2g2+J.LN,
(5)
assuming that dHhf/dHo=O. The latter condition is ful

The Mossbauer spectrometer was a constant acceler
ation system in which the transducer was well shielded
by soft iron. 7 Both source and absorbers were held at
4.2°K in all experiments. A superconducting solenoid
was used for measurements in external magnetic fields
up to 80 kOe; the measurement at 128 kOe was
made in a water-cooled Bitter solenoid. In the super
con~ucting sol~noid, the fringing field fell off rapidly,
and It was possIble to hold the source at a position which
was reasonably field free ( < 1 kOe), but which still had
a reasonable counting geometry. In the high-field Bitter
solenoids, a small water-cooled solenoid was used to
cancel the (longitudinal) fringing field and allow suitable
counting geometry. A GeLi detector was used in all the
external magnetic field experiments; there was no notice
able deterioration in resolution even in fields as high as
7 kOe (corresponding to 128 kOe at the center of the
solenoid).
c. Source and Absorbers
The 20-mCi source of 115-day Ta 182 used in the ex
periments was prepared by thermal neutron irradiation
of a O.Ol-nun-thick piece of pure Ta metal in the MIT
Reactor. The Mossbauer transmission spectrum ob
tained with this source and a O.02S-mm-thick tungsten
metal foil absorber, which had been annealed for 8 h at
2000°C in an inert atmosphere, consisted of a single line
of Lorentzian shape with a full width at half-maximum
r=0.21±O.21 cm/sec,8 which may be compared with
the theoretical width of 0.19 em/sec calculated from the
nleasured lifetime of the 100-keV level, t 1 /2= 1.36 nsec.
The 0.5, 1.S, 3.3, and 5.0 at.% W in iron alloy ab
sorbers were prepared as follows: Tungsten metal pow
der, prepared by hydrogen reduction of WO s enriched
in W 182 , was pressed with electrolytic iron metal powder
and sintered in hydrogen, then melted in an argon arc
furnace with a water-cooled copper hearth cathode and
a tungsten anode. The samples were divided and re
luelted up to IS times as 7S-g buttons, which were cut
and metallographically polished and etched to deter
mine gross segregation. When no more segregation was
found, the buttons were melted together and then heat
treated with the arc to promote homogeneity. They
were then hot-worked into discs in air, ground into
shape, and given a 1300°C anneal in hydrogen for 1 h to
6 A. J. Freeman, N. A. Blum, S. Foner, R. B. Frankel, and E. ].
McNiff, Jr., J. Appl. Phys. 37, 1338 (1966).
7 N. A. Blum, in Mossbauer Effect Methodology, edited by I.
Grguverman (Plenum Press, Inc., New York, 1965), Vol. I, p. 147.
S. G. Cohen, N. A. Blum, Y. W. Chow, R. B. Frankel, and L.
Grodzins, Phys. Rev. Letters 16, 322 (1966).
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make them all single phase a solution.• The anneal was
terminated with a quench to room temperature in water.
Finally, the samples were ground and polished.
The homogeneity of the samples was analyzed using
a microbeam probe and was found to be acceptable. In
addition, metallographic analysis showed no concentra
tion gradients, precipitates, or inclusions.
According to the Fe-W equilibrium diagram, slow
cooling of the alloys could result in precipitation of
WFe2, W2Fe3, or W 6Fe7. With the rapid quenching,
however, none of these phases appeared. As a check, a
sample was prepared in which the most abundant phase
was WFe2. The W spectrum at 4.2°K showed no evi
dence of magnetic hyperfine splitting.

~"'----r--'---'r---'---r--'~--r-'-'-T-----r---'

3.20

The zero-external-field spectrum for the 0.5% W-Fe
alloy is shown in Fig. 1. The spectra for all the alloys
were computer fitted with five equally spaced and
equally intense lines, i.e., a pure magnetic interaction
[Eq. (I)J. Since the alloys in this composition range are
cubic, we did not include a quadrupole term ir; the
interaction Hamiltonian and indeed obtained satIsfac
tory fits without such a term, although a cubic lattice
symmetry is not enough to guarantee the absence of
quadrupole effects. The existence of the magnetization
axis in a ferromagnetic system lowers the symmetry,
and a localized electric field gradient could appear. Such
effects have not, however, been observed in systems of
this type.
The theoretical curve in Fig. 1 was fit to the data by
a least-squares analysis, and the computer program
was allovved to vary three parameters: the strength of
the lines, the linewidths, and the splitting. The hyper
fine fields assuming a value of g(2+) 0.23 were
720±50, 750±70, 730±70, and 770±50, for the 0.5,
1.5, 3.3, and 5.0 at.% alloys, respectively. The errors
assigned to the results of the computer fits are con
servative. The results are in good agreement with the
magnetic field data discussed below and, moreover,
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FIG. 3. Splitting between the Am = 1 and Am = -1 compo
nents of the W 182 first excited state plotted as a function of external
field for two alloys. The solid line is a least-squares fit to the data.

indicate that the hyperfine field at the tungsten nucleus
is reasonably constant over this range of concentration.
This behavior is similar to that observed in PtPe
alloys 9 in which measurements of the Pt hyperfine field
showed little concentration dependence up to 30 at. %.
The resolution is improved in an external longitudinal
magnetic field, because only the flm= ± 1 lines are ob
served along the external field direction. The alloys at
the ends of the series, 0.5 and 5.0 at.%, were studied in
the external field; the absorption spectrum for the O.S
at.% alloy in a longitudinal magnetic field of 22 kOe is
shown in Fig. 2. The solid curve is a computer-calculated
least-squares fit to the data, the computed linewidth is
2.5 mm/sec, and the splitting is 3.10 mm/sec. The 5.0
at.% alloy in the same external field gave a slightly
smaller splitting (see Fig. 3) and linewidths of 3.2
mm/sec.
An independent measurement of the magnetization of
a piece of the alloy used in the external field Mossbauer
experiments lO showed that the magnetization was com
pletely saturated for H o= 12 kOe. Because of the shape
dependence of the demagnetizing effects, all measure
ments were carried out with H o~ 20 kOe. It is worth
remarking here that if the sample is not completely
polarized, the hyperfine interaction may appear to ~e
nonlinearly dependent on the external field, because In
addition to changes in the hyperfine splitting, the inten
sity of the flm= ±2 and 0 lines will decrease as the
domains rotate with increasing H 0; this is especially
important if the lines are not well resolved. l l
9

<I:

A. Buryn, L. Grodzins, N. A. Blum, and

163, 286 (1967) .

..J
W
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FIG. 2. Velocity spectrum of the 100-keV transition in W182 for
an 0.5 at. % W in iron absorber at 4.2°K and longitudinally polar..
ized by a 21-kOe external field.

J. Wulff, Phys. Rev.

S. Foner (private communication).
.
In a thin (0.001 in.) iron foil,HDM is 21.7 kOe,andobservatlons
[N. A. Blum and R. B. Frankel (unpublis?ed)] of the relative
intensities of the (well-resolved) hyperfine hnes for. the 14.~ keV
transition in Fe 57 show that about 30 kOe of applIed field IS re
quired to fully polarize the foil perpendicula~ to its plane, the extra
"'-'9 kOe being necessary to overcome the anIsotropy energy of the
domains in the foil.
10
11
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III. RESULTS AND DISCUSSION

. A. W 182 Measurements
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1. Experimental values of the magnetic-dipole
moment of the 100-keV state in W 182 •a

Method
Coulomb excitation
Coulomb excitation
time differential
Differential perturbed
angular correlations
Integral reversed field
Mossbauer scattering
Mossbauer effect

b
c

+0.672(88)

e

H hf = -708±25 kOe.

g

The quoted error includes estimated errors in the theo
retical fitting procedure, the statistical error in the data,
and also the possible systematic error in the value of
HDM in Eq. (4).

d

+0.532(18)
(assumes Hhf= -630 kOe)
+0.440(40)

this work

369 (1965).

Figure 3 shows ;1' for the 0.5 at.%, and 5 at.% alloys
plotted as a function of the external field H o. The solid
line is a least-squares fit to the data, weighting the points
inversely as the square of their error and accounting for
the error by assuming that each point is 21 points spread
over the error bar. From Eq. (5), we find for the g factor
of the 100-keV first excited state in W 182 ,
g2+== 0.22±0.02

or
J.I. == (O.44±O.04)JLN.

The value is compared in Table I with the results of
measurements by other techniques. As discussed in Sec.
II A, the sign of the hyperfine field relative to the mag
netization direction and hence the external field may be
determined from the slope in Fig. 3. Since the sign of g2+
is positive, the observed negative slope implies that the
hyperfine field is negatit1e.
The magnitude of the hyperfine field may be obtained
by extrapolating the line in Fig. 3 to H = O. The value
II. Experimental' values of the hyperfine field
at tungsten nuclei in iron Hw(Fe).

Method

Ilw(Fe) (kOe)

Reference

NMR
Nuclear orientation
Impact technique

-630(13)
1100± (150)
-430(100)
-455(53)
-715(10)

a
b

c
d

e

(g2+=0.24)

-710(25)

this work

(g2+ = 0.233)
aM. Kontani and J. !toh. J. Phys. Soc. Japan 22,345(1967).
Reference 13.
Reference 3.

d
e

obtained by this procedure is Hhf(intercept) 750±66
kOe. To obtain the Inost accurate value of H hf fronl
these measurements, we use the mean value of g(2+)
determined by all methods (see Table I), i.e., angular
correlation, Coulomb excitation, integral reversed field
Mossbauer scattering method, and the present experi
ment. This gives g2+= 0.233±0.015, from which

Reference

g B. Persson, H. Blumberg, and D. Agresti, in Hyper/me Structure and
Nuclear Radiations, edited by E. Matthias and D. A. Shirley (North
Holland Publishing Co., Amsterdam, 1968), p. 268.

b
o

186

J,L2+ (J,LN)

+0.466(54)

Mossbauer effect

WULFF

+0.403(36)
+0.498(48)
+0.478(40)

a Values taken from the compilation by V. S. Shirley, in Hyperfine Struc
ture and Nuclear Radiations, edited by E. Matthias and D. A. Shirley
(North-Holland Publishing Co., Amsterdam, 1968), Appendix C.
b G. Goldring and Z. Vager, Phys. Rev. 127,929 (1962).
c W. Ebert, O. Kleppner, and H. Spehl, Nuc!. Phys. 73,217 (1965).
dR. P. Scharenberg, J. D. Kurfess, G. Schilling, J. W. Tippie, and P. J.
Wolfe, Nud. Phys. 58, 658 (1964).
e H. J. Korner, Rodeloff, and E. Bodenstedt, Z. Physik 172, 279 (1963).
f Y. W. Chow, L. Grodzins, and P. H. Barrett, Phys. Rev. Letters IS,

TABLE

AND

Reference 2.
Reference 4.

B. Comparison with Other Measurements

Table II gives the value for the hyperfine field at
tungsten in iron determined by various methods. The
measurement by NMR was quoted in Ref. 12; no details
of the measurement were given. In the nuclear align
ment experiment,13 the anisotropies of the 482 (E2)
and 686 (El) l' rays in Re 187 following the decay of
24-h W187 (I=!) in iron were studied as a function of
temperature for temperatures between 0.01 and 1.0oK;
the maximum anisotropies were "'-'3.0 and "'-'6.5% for
the 482- and 686-keV l' rays, respectively. From the
temperature variation, Kul'kov et al.I 3 derived J.l.Hhf
= (0.38±0.06) X 10-17 , and assuming J.I.(W 187 ) = 0.7 (by
analogy with the known moment of OSI89), they· ob
tained H hf = (1.1±O.15) X 1060e.
The values of the hyperfine field by the Mossbauer
effect and by NMR overlap because of the uncertainty
in the W182 nuclear moment, which has not been deter
mined to better than "'-' 10% by any direct method (the
errors quoted in Table II for our measurements and the
measurements of Agresti et al. 4 are errors in the measure
ment of the splitting).
I t is worth noting that there is a possibility of a sizable
hyperfine anomaly, which would account for a difference
between the NMR and the Mossbauer results. The
NMR investigation measures the hyperfine interaction
with WI83, a nucleus consisting of an odd neutron in an
SI/2 orbit, while the Mossbauer measurements use the
first rotational state in W182, and a substantial differ
ence in the spatial distribution of the magnetic moment
in the two cases would not be unexpected.
Two independent measurements 2 ,3 of the tungsten
hyperfine field in iron have been made by the Coulomb
excitation and recoil implantation-perturbed angular
correlation method (impact technique) in which W
nuclei, Coulomb excited into the 2+ state by an 0 16
beam, were implanted by recoil into a polarized iron
foil catcher, and the rotation of the correlation between
the deexcitation l' rays and the backscattered oxygen
12 D. A. Shirley and G. A. Westenbarger, Phys. Rev. 138, A170
(1965).
13 V. D. Kul'kov, A. V. Kogan, L. P. Nikitin, E. P. Savrin, and
M. F. Stel'maklh, Zh. Eksperim. i Teor. Fiz. 48, 122 (1965)
[English trans!.: Soviet Phys.-JETP 21, 83 (1965)J.
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ions was measured. The results of the two groups are in
reasonable agreement with each other. In the experi
ments of Gilad et al., 2 the rotation of the correlation for
W 184 and W186 recoiled into a Cu matrix was used as
a "calibration"; in this case, the rotation was supposed
to be due to the external field, and hence the hyperfine
fields in the other matrixes were derived by comparing
the WT values. These measurements were made at room
temperature, whereas the Mossbauer data and NMR
da ta were taken at 4.2°K.

c.

at%W

o .
0.5 [
3.3

5.0

>
.....

Fe67 Measurements

The effects of impurities on the magnetic properties
of iron metal have been investigated by NMR, Moss
bauer effect, neutron diffraction, and bulk magnetiza
tion techniques. In the NMR and Mossbauer experi
ments using Fe 57 , the measurements yield a quantity
related to the distribution of electronic moments,
namely, the distribution of hyperfine fields. But as has
been emphasized by various authors,14,15 the moment at
a site and the hyperfine field at the same site are not
simply related because of the complex balancing of
terms which result in the net hyperfine interaction. Re
cently, the moment distributions about impurities in
iron have been calculated from neutron scattering ex
periments,16,17 and one obtains a value for the moment
at the impurity site and also a value for the average
moment on the first and second nearest-Fe-neighbor
sites to the impurity.
We have measured the hyperfine spectra for the WFe
alloys using a C0 57 in Cr source at room temperature;
using a thin Fe metal absorber, a linewidth of 0.21 mm
sec- 1 was observed. The structures of one of the outer
11m = ± 1 lines, for the various alloys, are shown in Fig.
4. We summarize the results as follows: (a) The main Fe
hyperfine line is unshifted, or only slightly shifted, to
higher frequency, compared to pure Fe; (b) there are
concentration-dependent low-field satelites on the main
hyperfine line; and (c) the spectra are reasonably sym
metric, Le., there are no large isomer shifts or quad
rupole effects. The low-field satelites are unresolved,
but it is possible to obtain a satisfactory fit to the shape
of the line by postulating that iron atoms, which are
first nearest neighbor and second nearest neighbor to
the W impurity, are shifted by ~9 and ~12% to lower
field, respectively, and that the linewidth corresponds to
that of the main iron line. The spectra are similar to
those obtained for ReFe,18 except that no large isomer
shifts are observed.
14 G. K. Wertheim, International Atomic Energy Agency Report
Series 50, 237 (1966).
16 A. J. Freeman, in Hyperfine Structure and Nuclear Radiations,
edited by E. Matthias and D. A. Shirley (North-Holland Publish
ing Co., Amsterdam, 1968), p. 427.
16 M. F. Low and G. G. Collins, Proc. Phys. Soc. (London) 86,
535 (1965).
17 I. A. Campbell, Proc. Phys. Soc. (London) 89, 71 (1966).
18 H. Bernas (private communication).
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FIG. 4. Velocity spectrum of one of the outer ~m = ± 1 com
ponents of the 14.4-keV transition in Fe 67 for a series of FeW
absorbers.

We interpret the present results using the analysis of
Bernas and Campbell who studied the ReFe system.
The following paragraph outlines their analysis.
Bernas and Campbell 19 measured the effect of the
series of impurities from Re to Au on the hyperfine inter
action in Fe and related their measurements to the
neutron diffraction results by fitting a two-parameter
equation to the data
H 1nn,2nn =ajJ.L+b

L:

Inn,2nn

,ulnn,2nn,

(6)

where ,u1nn,2nn is the average moment on the first and
second nearest-neighbor sites from neutron diffraction,
}J.L is the local moment on the impurity site, and
H Inn,2nn is the average hyperfine field for the first and
second nearest-neighbor sites. They found good agree
ment for the whole series for a= 90 kOe/,uB and b= 6
kOe/}J.B; that is, they determined an empirical relation
ship between the moment distribution and the hyperfine
fields at the Fe sites. These measurements and the two
parameter fit do not confirm the distribution of moments
obtained from the neutron data, but the internal con
sistency, also with dlJ/dc measurements, is satisfactory.
Returning to WFe alloys, the values of ,u obtained
from neutron diffraction studies 16 of dilute WFe alloys
J.l.L= -0.6, and J.l.lnn,2nn=2.15, when used in Eq. (6),
yields 11H Inn,2nn ~ 8%, in fair agreement with the ex
perimental value of ~ 10%. We conclude fronl this
agreement that the Mossbauer measurements in WFe
19

H. Bernas and I. A. Campbell, Solid State Commun. 4 577

(1966).
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are consistent with the moments derived from the neutron diffraction data and use these moments to briefly
discuss the hyperfine field at the W impurity site.
D. W Hyperfine Field in Fe
Hyperfine interactions at transition-metal impurities
in iron have been discussed previously.12,2o There are
several sources of these interactions which give contributions of different signs. Two sources, conduction electron polarization and core polarization, are considered
to dominate, and the others are usually neglected as
being Slllall by comparison. The core polarization contribution arises only if there is a local moment at the
impurity site and gives an effective hyperfine field which
is antiparallel to the direction·of the local moment. The
conduction electron polarization contribution gives an
effective hyperfine field which is found to be antiparallel
to the net host magnetization. One nlay fit the observed
fields for the 5d transition elements in iron with an
equation of the form 12,19

(7)
where A is a constant (in kOe/spin moment), J.limp is
the localized moment at the jill_purity site, B(z) is a constant for each element, and J.lbost is the host moment.
The latter should be a good approximation to the moment on the first and second neighbors. A is taken as
a constant independent of z by analogy with the 3d and
4d transition metal atoms; as discussed by Watson and
Freeman,21 experiment and theory show constant values
for all the elements in these series. Unfortunately,
no calculations exist for the 5d transition metal atoms,
and because of the complex balance of large contributions, it is not possible to extrapolate from 3d and 4d
values. B(z) has been extensively discussed by Shirley
and Westenbarger;12 it is proportional to the 6s electron
hyperfine field in the free atom (which changes by a
factor of "-'2 going from W to Au). The proportionality
is usually taken to be independent of Z12, however, it
must be noted that some of the Mossbauer results 14 ,19
show isomer shifts at the lnn and 2nn sites, which may
be related to charge transfer effects which tend to reduce
the validity of this assumption. The hyperfine field for
Pb in Fe is positive,22 and it is clear that Eq. (7) breaks
down for Pb; in fact, additional contributions may be
important even for Pte
20 A. J. Freeman and R. E. Watson, in Magnetism, edited by G.
Rado and H. Suhl (Academic Press Inc., New York, 1965), Vol.

IIA.

21 R. E. Watson and A. J. Freeman, in Hyperfine Interactions,
edited by A. J. Freeman and R. B. Frankel (Academic Press Inc.,
New York, 1967), p. 53.
22 G. C. Pramila, S. G. Cohen, and L. Grodzins, Phys. Letters
24, A7 (1967).
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The neutron diffraction results 16 show no localized
moment for Os or Ir in Fe; hence, A=:O in Eq. (7) for
these elements allows us to determine B(z) and, from
the known z dependence of B (z), 12 to derive the value
of B for W. Fixing B(Os) == 545 kOe/J.lB and B(Ir) ==605
kOe/J.lB gives B(W) ==406 kOe/J.lB. From the measured
hyperfine field, one gets A (W) ~ -400 kOe/).tB. As discussed above, we expect this value of A to apply to all
the 5d transition solutes. This value for the core polarization may be compared with recent estimates 23 based
on EPR measurements in W 5+, which indicates a core
polarization of about -400 kOe per unpaired spin. The
agreement is perhaps fortuitous.
E. Conclusion
We have shown that the hyperfine field for tungsten
in iron as determined by the static techniques is independent of concentration over a limited range, that the
effect of the W impurity on its Fe neighbors could be
correlated with effects observed in similar alloy systems
and with neutron diffraction measurements, and conclude that the conflict between the two sets of measurements of the internal field Hw(Fe) must be resolved in
favor of the Mossbauer-NMR results. The low value of
Hw(Fe) deduced from implantation experiments must
therefore result from as yet unaccounted for phenomena.
Gilad et al. 2 already showed that a static quadrupole interaction cannot be invoked. The transient field effects
discovered by Borchers et al. 24 can account for no more
than a few percent of the discrepancy in this case.
Other phenomena, however, which have resulted in
significant reduction in observed precessions in impacttechnique experiments on long lived states, may be of
importance here. In particular, we mention (1) the possibility of an insufficient strength of polarizing field 25
and (2) the possibility of relaxation effects. Either or
both could account for the discrepancy, but neither has
been explored in this case.
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